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The International Development Research Centre is a public corporation created
by the Parliament of Canada in 1970 to support research designed to adapt science
and technology to the needs of developing countries. The Centre’s activity is
concentrated in six sectors: agriculture, food and nutrition sciences; health sciences;
information sciences; social sciences; earth and engineering sciences; and com-
munications. IDRC is financed solely by the Parliament of Canada; its policies,
however, are set by an international Board of Governors. The Centre’s headquarters
are in Ottawa, Canada. Regional offices are located in Africa, Asia, Latin America,
and the Middle East.

Le Centre de recherches pour le développement international, société publique
créée en 1970 par une loi du Parlement canadien, a pour mission d’appuyer des
recherches visant a adapter la science et la technologie aux besoins des pays en
développement; il concentre son activité dans six secteurs : agriculture, alimenta-
tion et nutrition; information; santé; sciences sociales; sciences de la terre et du
génie et communications. Le CRDI est financé entierement par le Parlement cana-
dien, mais c’est un Conseil des gouverneurs international qui en détermine I’orien-
tation et les politiques. Etabli a Ottawa (Canada), il a des bureaux régionaux en
Afrique, en Asie, en Amérique latine et au Moyen-Orient.

El Centro Internacional de Investigaciones para el Desarrollo es una corporaciéon
publica creada en 1970 por el Parlamento de Canada con el objeto de apoyar la
investigacion destinada a adaptar la ciencia y la tecnologia a las necesidades de
los paises en desarrollo. Su actividad se concentra en seis sectores: ciencias agri-
colas, alimentos y nutricion; ciencias de la salud; ciencias de la informacidn; ciencias
sociales; ciencias de la tierra e ingenieria; y comunicaciones. El Centro es finan-
ciado exclusivamente por el Parlamento de Canada4; sin embargo, sus politicas
son trazadas por un Consejo de Gobernadores de cardcter internacional. La sede
del Centro esta en Ottawa, Canada, y sus oficinas regionales en América Latina,
Africa, Asia y el Medio Oriente.

This series includes meeting documents, internal reports, and preliminary technical
documents that may later form the basis of a formal publication. A Manuscript Report
is given a small distribution to a highly specialized audience.

La présente série est réservée aux documents issus de colloques, aux rapports internes
et aux documents techniques susceptibles d’étre publiés plus tard dans une série de publi-
cations plus soignées. D’un tirage restreint, le rapport manuscrit est destiné a un public
trés spécialisé.

Esta serie incluye ponencias de reuniones, informes internos y documentos técnicos que
pueden posteriormente conformar la base de una publicacion formal. El informe recibe
distribucion limitada entre una audiencia altamente especializada.
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l. Intr ion

li. What is this document about?

Biotechnology promises to become an effective weapon in fighting such major
evils as disease, malnutrition, plagues, energy deficits and pollution. Ergo, no
country can afford not to consider it as a high priority. However, hardly any
industry's future pattern of development is as immersed in uncertainty as that
of biotechnology: the stock of basic and applied knowledge in this field is still
growing at a much higher rate than the capacity to put it to economic use --
although the difference is presumably diminishing. After all, in and of
themselves, scientific achievements should not be expected to bear any
simple causal relationship with innovation lead times.

Just as, despite all its marvellous achievements, the "informatics revolution”
has failed so far to come to grips with the problem of anemic social productivity
growth in the largest capitalist economy--the so-called "Solow paradox”
[Abramovitz (1989)]; [Freeman (I1989)]--, the "biotechnological revolution" has
not yet even begun to help satisfy the needs of the world population to any
significant degree.

Biotechnology is also expected to contribute to pervasive and dramatic
improvements in social productivity by sharply reducing energy and other
input requirements. As we shall see, this potential is still very far from being
realized. However, it undeniably remains a distinct possibility.

Will the new biotechnology be taken over, wholly or partly, by large
established companies (LECs) with vested interests in earlier technology
vintages? Will this result in its potential being largely sterilized, as when
advanced microelectronics is applied to let Taylorist and Fordist systems
outlive themselves in face of emerging superior forms of social organization?
Less developed countries (LDCs) have a vital stake at play with regard to
these questions, on which we expect to shed some light.

This document takes stock of the current position of the industry and looks into
some of the main determinants of the diffusion of biotechnologies. This is done
mainly from the perspective of the LDCs and focuses on matters relevant to
industrial policy. Based on this assessment, a suggested agenda for future
research efforts is laid out.

Biotechnology consists of a set of enabling tools that make it possible to use
the genetic information available in living matter to produce economic value.
This document is concerned with the "new" biotechnology, a generic cluster of
technologies which comprises recombinant DNA (rDNA) technology or
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genetic engineering, hybridoma technology or cell fusion, protein engineering
and related techniques 1.

This entirely new scientific and technological frontier came into existence as a
result of two fundamental scientific breakthroughs made possible by Watson
and Crick's landmark discovery of the structure of DNA in [953 [J. D. Watson
(1968) and F. Crick (1974)].

The first one is Cohen and Boyer's invention of a process for DNA
recombination patented in 1973. The second one is Milstein and Kolher's
unpatented invention of a method of antibody-producing hybridoma (or

monoclonal antibodies-Mabs) in 1975 2. A large series of subsequent
discoveries in the fields of new bioprocesses and products and protein
engineering gave shape to one of the most fertile, dynamic and promising
shifts of the scientific and technological frontier in the history of humankind (for
a calendar of impontant scientific and business-related events in the history of
biotechnology see Table I).

The "new" biotechnology has taken over the old one and infused it with a
completely new perspective. Fermentation, for instance, the key process of the
old biotechnology, has now become just one stage of the new, although it still
plays a critical réle regarding cost, efficiency and quality. Techniques such as
selective breeding in agriculture and animal husbandry, on the other hand,
are likely to be progressively displaced thanks to "shortcuts" allowed for by
genetic manipulation.

LDCs' perspectives cannot be considered independently of events in
developed countries (DCs). Biotechnology is still in its formative stages and
its definite trajectory will be largely shaped in those countries. This means that
its future impact on LDCs is subject to a number of uncertainties which can be
elucidated only by understanding what is currently going on in DCs.

Thus, for instance, the study of entry by LDC firms into biotechnology should
benefit from an understanding of entry by DC firms, provided that due
allowance is made for structural, behavioral and institutional differences in the
economy. Likewise, the understanding of problems such as the linkage
between the scientific and engineering development stages, the economics of
biotechnology R&D, and engineering and manufacturing matters in
downstream processing (involving issues like standards, skills, costs and
risks) should help to shed light on LDC prospects and assist in devising
appropriate policies.

The understanding of the dynamics of technical change in DCs should also be
useful in identifying the valid interlocutors for LDCs: universities; research
boutiques; dedicated biotechnology enterprises (DBEs) with hopes of
becoming large and integrated corporations; transnationals. This question
cannot be answered without assessing the nature of these different actors,
their relationship to each other and their respective strategies and likely
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trajectories. We shall come back to these themes at several points in the text
and when discussing the research agenda.

It is not yet quite clear what the technological and industrial trajectory of
biotechnology will be, even within the near future. Imponrtant scientific,
technological, economic and political uncertainties remain. For one thing, not
enough is yet known about things such as the relationships between protein
structure and functions, the mechanisms of pathogenicity in plants and drug
delivery methods.

For another, it is still by no means certain whether biotechnology will give rise
to a truly new industry, as was the case with microelectronics, or whether it will
be assimilated by already existing industries. The relative competitiveness of
the new biotechnology products and processes still remains to be
demonstrated, except in the few cases where it has given birth to entirely new
products (like Mabs) or has overcome absolute physical and/or cost limits to
input availability (to produce insulin, for instance).

One thing is clear, though: there is a discrepancy between the rapid
development of the scientific frontier and the rather lagging evolution of the
technological and manufacturing frontiers. It will take a great deal of time and
resources for the latter to catch up with the former. Biotechnology presents
plenty of room for controversy and contrasting views, for it appears to
challenge a good deal of the conventional wisdom regarding issues such as
the importance of scale, the rdle of basic science in industrial development

and the locus and focus of technical change, not to mention ethical issues 3.

This document examines some of these themes with a particular emphasis on
the factors affecting the international diffusion of the technology and related
LDCs' industrial policy issues. Trade issues are given somewhat less
emphasis than usual in discussions on the subject.

The basic dilemma LDCs face regarding commercial biotechnology is how to
avoid entering it too early ... or oo late, and how to avoid pursuing wrong
leads and dead end tracks. Getting a foot into biotechnology at a point too far
removed from the market or too dependent on price sensitive products in
highly competitive and risky markets may not, per se , be a sensible approach.
Unfortunately, abstract moral and social concerns about the impact of this
emerging industry, no matter how legitimate, are just not enough to provide
guidelines for industrial policy.

Lii. Approach and methodology

This document is focused on the economic significance of biotechnology. For
this reason, it makes a point of being quite strict all along regarding the
concept of "entry". Scientific and technological achievements, however
valuable and promising, have to follow a difficult path towards
commercialization. Short of that, their economic significance will remain
negligible, despite all possible hype and excitement among scientists and
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venture capitalists (or governments) prepared to afford long and uncertain
innovation lead times.

Chapter Il is devoted to a review of the evidence as to what is the actual state
of diffusion of biotechnologies across a broad range of applications and the
perspectives ahead in this regard. Because of reasons that have to do with
access to information and relative country positions at this point in time, the
text refers mostly, although not exclusively, to the US case.

Chapter Il consists of an enquiry into several of the most important factors that
affect the timing of introduction and rate of diffusion of biotechnologies. Thus, it
discusses company strategies, scientific, technological and engineering
bottlenecks and uncertainties, and barriers to entry and threshold factors (such
as scale, regulation, and public opinion). It also deals with the relative
competitiveness of biotechnology products and processes.

Chapter IV focuses on LDC entry strategies and related industrial policy
issues. It examines some national experiences and singles out a set of themes
relating to actual LDC prospects in biotechnology.

Finally, chapter V provides some directions for further research. First it
identifies researchable issues and then puts forward some ideas on
background and policy-oriented research projects. It also contains a concrete
proposal for further international cooperative action aimed at facilitating LDC
entry into the new industrial frontier.

Because of the rapid succession of new scientific discoveries, technological
applications and market entries (and exits), relying just on learned journals
and books would not have allowed us to present an updated view of the
situation of the industry. Therefore, it has also been necessary to resort
extensively to the technical literature and diverse sources covering current
events.

For example, as this text is being written, a December 1989 issue of the journal
Cell includes an article reporting the discovery by scientists at the Whitehead
Institute for Biomedical Research (M.I.T.) of the so-called RAG-1 gene,
believed to be crucial in the development of human immune defenses. This
discovery may led to a better understanding of some genetic diseases in
which the body's defense systems fail, although it is far too early to tell what
practical applications may result.

In a closely related development, a December 1989 issue of Nature reports
the discovery by a group of scientists at Kyoto University of a gene believed
to be central to the genetic recombination process in bone

marrow cells.

Also in 1989, the molecular basis of muscular dystrophy and cystic fibrosis
were elucidated, opening the door for new therapies.
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These advances, along with many others that keep succeeding each other at
an amazing pace, continuously alter the scope and extent of the knowledge
base and the uncertainties that guide the direction of scientific and
technological efforts and the prospects for commercial exploitation in the
biotechnology field.

This document is not intended to be exhaustive in its coverage but, rather, it
privileges the treatment of some issues and selectively highlights qualitative
gaps in understanding and knowledge that should be filled for the benefit of
research and policy-making in LDCs.

Our main purpose in what follows is not to establish absolute truths but, rather,
to set into motion a meaningful debate on these emerging issues and,
hopefully, to inspire effective action, so that the benefits of biotechnology can
be reaped by those who need them most.

From an editorial point of view, we regret to have had to resort to the use of
some terms and acronysms that may at times make the readers feel a bit
uncomfortable. But so far we have failed to find appropriate substitutes. Some
of these terms, like "new” [biotechnology] and "dedicated biotechnology
enterprises-DBE” we have not coined: the first is extensively used in the
literature on biotechnology while the second we have adopted from the US
Office of Technological Assessment. We acknowledge parenthood on the
perhaps unlikable LEC (large established enterprise). It would not have been
appropriate to replaced it by TNCs or MNCs since in biotechnology the
international scope of companies is unrelated to size. We have define all
these terms when they first appear in the text.

Finally, we would like to thank Brent Herbert-Copley and his colleagues at
IDRC for their comments and suggestions. The responsability for the opinions
submitted in this document lies only with us.

Montreal, April 1990

Francisco C. Sercovich

Regional and Country Studies Branch
UNIDO

Vienna, Austria

Marion Leopold

Department of Sociology
Université du Québec a Montréal
Montréal, Québec, Canada
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1955
1970
1971
1972
1973

1975

1976

1977

1978

1979
1980

1981

1982

1983

1984

Watson & Crick-Double Helix

First synthesis of a gene (non functional)
Restriction (cutting) enzymes discovered

Initial work with embryo transfer

Cohen & Boyer perfect genetic engineering

techniques to cut and paste DNA (using restriction
enzymes and ligases) and reproduce the new DNA
in bacteria

First Mabs produced Asilomar conference
(moratorium on genetic engineering research)

DNA sequencing discovered
First working synthesis gene

First expression of human gene in bacteria
Methods for reading DNA sequence using
electrophoresis discovered

High level structure of virus first identified
Recombinant human insulin first produced

Human growth hormone first synthesized
US Supreme Court concludes lifeforms are
patentable-Chakrabarty patent

Gene synthesizing machines developed

Rat gene transferred into mice
First synthesized vaccines

First artificial chromosone
First field test with altered bacteria is delayed
First markings for inherited diseases found in genes

Technique for rDNA fingerprinting discovered
First genetically engineered vaccines

Business

Cetus founded

Agrigenetics founded

Genentech founded

Genex founded

Biogen and Hybritech
founded

Centocor founded

Genentech IPO; Amgen,
Calgene and Genetic Systems
founded

First Mab kit approved

Cetus, Genetic Systems and
Hybritech IPO's Applied
Biosystems, Chiron Genetics
Institute and Xoma founded

FDA approves first IDNA
product for use-Human Insulin
(Humulin)

First sales of rDNA product-
Humulin Amgen, Applied

Biosystems, Biogen and
Chiron IPO's
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1985

1986

1987

1988

1989

Genetic markings found for kidney
disease and cystic fybrosis

First field trials of genetically
engineered plant-tobacco

First field trials of a genetically
altered bacterium

First US patent for a vertebrate-
a transgenic mouse

First field trial of a recombinant
viral crop protectant

Source: Burrill (1989)

FDA approves human growth
hormone- second genetically
engineered drug

Bristol acquires Genetic
Systems, Lubrizol acquires
Agrigenetics

FDA approves first genetically
engineered vaccines-Hepatitis B
Eli Lilly acquires Hybritech
Calgene, Genetics Institute

and Xoma IPO's

Stock market crash
t-PA approved

FDA enacts accelerated
regulatory process for products
combating terminal diseases

FDA approves EPO
IL-2 approved in parts of Europe
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Notes

1: For a discussion on alternative definitions of biotechnology see, among others {OECD
(1989)].

2: Nobel prize winner C. Milstein (who left his country of origin--Argentina-- for England in 1968
because of oppressive conditions impeding creative scientific work), actually sought to attract
the interest of the British government in prospects for patenting and industrial applications
connected with his breakthrough. He was kindly sent back to his lab with the argument that if his
invention of the Mabs really had any economic value at all, private capital would take care of it in
due time without any need for government involvement. And it certaintly did!.. But not precisely
to strengthen British leadership in the field. The invention became knowledge of the public
domain and was taken advantage of mainly in the US. In [Hudson (1989)], it is reported that
Milstein's Laboratory of Molecular Research has recently come up with a new breakthrough,
called "single-domain antibodies" that promises to become a basic tool in biotechnology. It
consists of a laboratory technique that can make key parts of animal antibody molecules in as
little as three days, as compared with today's most common technique that takes a month or
more.

3: As we shall see below, often one comes across strongly diverging views as to how
"Schumpeterian” the biotechnology industry is or how appropriate it is for LDCs. Sometimes,
these discrepancies stem from unwarranted extrapolations or from a poor understanding of the
problems of invention and innovation. But they also have to do with the fact that it is still much
too early to try to pass definitive judgement on many of the issues concerned. For an
elaboration on this see [Sercovich and Leopold (forthcoming)].
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Il. State of and Trends in _the
Diffusion of Biotechnology

ILi. Introduction

Biotechnology comprises a pervasive set of enabling technologies with a
broad scope for potential industrial applications. These range from
pharmaceuticals, agriculture and animal husbandry to energy and mining,
through chemicals, food processing, textiles, waste management, forestry and
exploitation of marine resources.

The timing of introduction and rate of diffusion of biotechnologies differ widely
among sectors. The diffusion rate is the highest in pharmaceuticals, followed
by chemicals and agricultural applications with the rest far behind. Within
pharmaceuticals, the diagnostics sector is more advanced than therapeutics
and therapeutics, in turn, is more advanced than preventive applications.
Within chemicals, specialties are more developed than commodities. Within
agricultural applications, herbicide-resistant plants are more advanced than
biopesticides while animal health care is more advanced than transgenic
animals.

The above is a result of differences in policy priorities, the state and evolution
of the knowledge base, the réle of the regulatory environment and public
opinion, the relative competitiveness of biotech processes and products and a
host of other factors to be examined in chapter IIl.

We have already pointed out in the Introduction that the scientific knowledge
base is growing at a faster rate than the use of such knowledge in practical
applications. However, it is almost centain that such an accumulation of a
critical mass of basic and applied knowledge will eventually give rise to
epoch-making technological and commercial breakthroughs, possibly
involving, among other things, a shift away from anti-cancer chemoterapies
and agrichemicals. But this is highly unlikely to happen before the turn of the
century. In the meantime, the structure of the "industry" will probably become
pretty well defined. It will, in all likelihood, take a multiple, application-sector
focused, hub-like shape, centered around a rather limited number of LECs
serving as nexus among large numbers of research boutiques, DBEs
operating in niche markets and research institutions, through a complicated
network of financial and technological arrangements.
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IL.ii. State of diffusion
ILii.i. General Assessment

Table 2 shows the pattern of concentration of R&D efforts according to type of
company. Altogether, 39 per cent of DBEs and 37 per cent of LECs are
focused on health-care related fields. The other types of applications come far
behind. It is worth noting that nearly 20 per cent of DBEs are involved in
intermediate input and hardware supplies (reagents, cell cultures, equipment).
The data is based on a sample comprising 296 DBEs and 53 LECs. In the
case of DBEs it probably covers around one third of the universe. The
coverage is much higher in the case of LECs.

Jable 2

(in number of companies)

DBEs LECs
Research Area # (%) # (%)
Human therapeutics 63 (21%) 14 (26%)
Diagnostics 52 (18%) 6 (11%)
Chemicals 20 (7%) 11 (21%)
Plant agriculture 24 (8%) 7 (13%)
Animal agriculture 19 (6%) 4 ( 8%)
Reagents 34 (12%) 2 ( 4%)
Waste disposal/treatment 3 (1%) 1 ( 2%)
Equipment 12 (4%) 1 ( 2%)
Cell culture 5 (2%) 1 ( 2%)
Diversified 13 (4%) 6 (11%)
Other 31 (18%) 0 (0%)
Total 296 (100%) 53 (100%)

Source: USOTA, 1988, b.

Private investment in the US goes mainly to health care applications (75%)
and to agriculture (16%). Out of an estimated cumulative $4 billion raised by
DBEs, 80% went to ten enterprises [USOTA (1988.b:10)].

[Lii.ii. Pharmaceuticals

The rhythm of introduction of bio-pharmaceutical products has accelerated
since 1986, particularly with regard to natural proteins and peptides (insuline,
human growth hormones, interleukines, growth factors, tissue plasminogen
activators) 1. Emphasis is currently focused on diagnostics and immunology.
However, progress in reaching the market is taking place much less rapidly
than expected.
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Altogether, there are only eight products on the US market. They are human
insuline; human growth hormone; alpha interferon; tissue plasminogen
activator; erythropoietin; Factor Vlll:c, a MAB murine; and a recombinant
vaccine against hepatitis B (see Table 3 on the next page).

The number is slightly higher in Japan, including also gamma interferon,
products "8" and "9” (for lymphokine), "Bio-3" (an antidiarrheal), and a
luteinizing hormone-RH analog (antitumor).

In Europe the number of products is also somewhat higher than in the US,
including, in addition to those already approved in the US, other types of
interferon; 5 different types of interleukines; some peptides; tumor necrosis
factor; and growth factors. Some of these products are already in second or
third generation, improved through genetic and protein engineering
techniques.

In addition, there are over 300 diagnostic tests on the OECD markets.

Total biotechnology-based health care product sales on the US market for
1989 are estimated at about $1 billion, therapeutic products and vaccines
accounting for around two thirds of that figure and human diagnostics for the

remaining third [Chemicalweek (1989.c)] 2.

Currently, there are over 1,000 different companies and groups pursuing Mab-
based applications in the world market. Some 20 companies account for 75
per cent of the US diagnostic reagents market. One of the leading suppliers in
the in vitro segment is Abbott, which introduced over 70 new diagnostic
products just in 1986. Other important rivals are Baxter, Becton Dickinson,
Leeco Diagnostics, which markets over 30 basic test kits, and Eli Lilly, which
strengthened its presence in the market through the acquisition of DBE
Hybritech in 1986. Although there are some DBEs in the in vitro segment (like
Monoclonal Antibodies Inc.), their presence is more conspicuous in the in vivo
segment. Here, DBEs like Centocor, Cytogen and Damon compete with LECs
such as Bristol-Myers, which is using Mabs in drug delivery systems [Koenig
(1989:7)].

New drugs of biotechnological origin already account for a disproportionately
high share of total new drugs introduced--if normalized by relative sales value.
And this trend is likely to become even sharper [Sercovich and Leopold
(forthcoming)].
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Table 3

Genetic Engineered Human Therapeuticals and Vaccines
and MAB Products on the US and Japanese Markets

(1989)
Product Indication
1. Human Insulin Diabetes
2. Human Growth Hormone Dwarfism in children
3. Alpha Interferon Hairy-cell leukemia,
AIDS-related Kaposi's sarcoma,
genital warts
4. Gamma Interferon Antitumor
5. Mab murine Kidney transplant rejection
6. Tissue Plasminogen Myocardial Infarction
Activator
7. Erythropoietin Dyalisis anemia
8. Factor VIII:C Hemophilia
9. Hepatitis B vaccine Haemophilus influenza B
10."8" Lymphokine
1. 9" Lymphokine
12. Luteinizing hormone-
RH Analog Antitumor

Sources: Based on: PMA (1989); USOTA (1988); Biotechnology Newswatch

Company

Elli Lilly (USA)
Shionogi (J)

Elli Lilly (USA),
Genentech (USA)
Sumitomo (J)
Yamanouchi (J)
Schering-Plough (USA),
Hoffman-La Roche (USA)
Takeda (J), Green Cross
(J), Hayashibara (J),
Toray (J), Mochida (J)
n.a.(J)

Ortho Pharmaceutical
(USA)

Genentech (USA)

Amgen (USA)

Armour (Rorer) (USA),
Baxter Healthcare (USA)

Merck (USA), Praxis
(USA), Banyu (J),
Shionogi (J)

n.d.

n.d.

Takeda Chemicals

Chemicalweek (1989.c); Prudential-Bache (1989); Business Week (I989.b)

(1989);
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Although European governments have been quite active in biotechnology, the
lack of development of venture capital markets (except in the UK) and great
disparities in the regulatory environment (see section lll.iv.iii.) place European
countries at a relative disadvantage vis-a-vis the US. However, European
pharmaceutical and chemical companies, as well as their Japanese
counterparts, have been very active in using their financial leverage to take
advantage of sciencific, technological and manufacturing progress in the US
through an intricate network of inter-company alliances and links with
research centres and universities (see section llL.iii.).

As mentioned, there are only 8 genetically engineered and Mab products on
the US market. Fully 17-odd companies are sharing in the returns by virtue of
of alliances set up earlier on through the various stages from R&D to
marketing by means of instruments such as research contracts, licensing
agreements, and agreements concerning the carrying out of clinical trials,
manufacturing and/or marketing.

A rough comparison between development costs (around $120 million) and
market size for each of these biologicals (on average, also around $ 120
million, the returns on which, in several cases, have to be shared by two or
more suppliers) already suggests a relatively overcrowded market resulting
from an unusual swarming process 3. In addition, some further 35-odd
companies are expected to enter the market for the same products within
the next few years, as soon as they finish their clinical trials and the FDA
licenses them. [For further treatment of this swarming phenomenon at the
product and company level and its implications for the industry, see Sercovich
and Leopold (forthcoming)].

Current investments in biotechnology rely heavily on automation equipment,
including automated DNA and protein/peptide synthesizers and sequencers.
This type of equipment alone is expected to account this year for over $150

million (R&D labs account for over 90 per cent of the market) 4. Some market
sub-sectors are growing at rates of over 100 per cent per year. The current
biotechnology market for all lab equipment and supplies in the US is
estimated to be close to $2 billion [Gray (1989:12)].

I1.ii.ili. Aariculture and Animal H

Biotechnology is expected to produce plants that are resistant to disease and
plagues, withstand environmental stress, have accelerated rates of growth
and increased nutritive value, produce their own nitrogen fertilizer and even
grow proteins . However, deficiencies in the knowledge base, lack of
investment, and regulatory and public opinion-related uncertainties (see
section Ill.iv.iii.), have held back the rate of progress in agricultural
applications.
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No genetically engineered plant or plant inoculant has yet been approved for
full-scale commercialization.

Applications of biotechnology to plant agriculture fall into two basic categories:
(i) genetically engineered plants and crops and (ii) genetically engineered
microorganisms applied to plants and crops.

In the first case, rDNA methods are used to confer new traits upon plants.
These traits may be obtained through single or multiple gene transplants. In
single gene transplants, plants are coded for resistance to, among others,
insects, plant diseases and herbicides. These traits are reproduced in
offspring. In multiple gene transplants, plants are coded for, among others,
higher yields, nitrogen fixation capability, improved nutritional value. Prior to
the development of recombinant methods, new traits were also obtained in
plants, but through breeding techniques, which continue to be used.

Genetically engineered microorganisms designed for plant use include
microbial-based pesticides and herbicides as well as microorganisms that
increase nitrogen take up or delay frost damage in crops. In most instances,
recombinant microbial products have been preceded by naturally occuring
micro-organisms and chemical control methods, which are still being used.
Thus, as with genetically engineered plants, the new products and processes
are often substitutes. Their relative competitiveness is assessed further on
(see section lll.v).

Different techniques have been developed to apply recombinant microbial
inputs to plants. These include coating the seed, vaccinating the seed,
applying the microbes to the seed-furrow, and mixing them into the seed-bed.
Although these methods do not necessarily involve biotechnology, the efficacy
of the engineered microbes in performing their designated functions depends
in part on the choice of applications.

Much of the basic technology involved in producing transgenic plants and
microorganisms is becoming widely used (gene splicing, gene sequencing,
gene synthesis, etc.), while other areas, such as gene delivery systems, are in
a more incipient state and receive much attention.

The US EPA has reviewed and approved a wide variety of field research
applications. In the two years that the US Department of Agriculture’s Animal
and Plant Health Inspection Service’ guidelines for regulating genetically
engineered plants and plant pests have been in effect, over four dozen
genetically engineered plants have been successfully field tested [Godown
(1989:1096)].

Some 6 engineered microorganisms had undergone field testing in the US as
of late 1989. Figures for Europe are similar, although there things are
proceeding somewhat more slowly because of greater environmental hurdles
(see section llliv.iii.). The summer of 1989 saw an increase of outdoor trials
over all previous growing seasons. [Schneider (1989:A1)]; [The New York
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Times (1989.b)]; The Economist (1989.b:16)]; [Pimentel et al. (1989):606-614];
[Burrill (1989:215)]

In the case of genetically engineered plants, altered species include tobacco,
corn, cotton, soybeans, tomatoes. Field tests have been doubling each year
since 1986, when tobacco (the so-called "laboratory mouse” of plant science)
became the first transgenic crop to undergo outdoor experimentation . In the
summer of (989, outdoor testing included pest-resistant tobacco, corn and
tomato plants and herbicide-resistant tomatoes, tobacco, cotton and soybeans
plants. Single gene transplants conferring insect, plant disease and herbicide
resistance and the reproduction of such traits in offspring have been
successful in early field trials [US Department of Commerce (1989:19-3)];
[Schneider (1989.b):A1].

Progress has been particularly rapid in the engineering of herbicide resistant
or tolerant plants. Insofar as the target sites of the major herbicides are
generally known and tend to be single enzyme, they are comparatively easy
to alter. Active herbicidal compounds against which crop tolerance has been
conferred include glyphosate (found in the herbicide Roundup), sulfometuron
methyl (Oust), chlorsulfuron (Glean), AC 243,997 (Arsenal), Phosphinothricin
(BASTA), triazine (Atrazine). [Botterman and Leemans (I988)]; [Jones and
Lindsey (1988)].

As indicated, a rather limited number of agriculturally useful genetically
engineered microorganisms have thus far undergone small-scale field testing.
Field trials in the summer of 1989 included an engineered viral spray and
pesticidal recombinant corn and rice vaccines [US Department of Commerce
(1989:19-4)]; [Burrill (1989)]; [Allen (1989.b)].

Just as in the case of plants, the engineering of herbicide resistant traits has
been an area of relatively intense activity, so with microorganisms much
attention is being focused on recombinant biopesticides (using both living and
killed engineered microorganisms) and on the techniques used to apply them
to plants. Biopesticidal seed vaccine and the related vaccination technology
appear to be particularly promising and, as mentioned, are in the field trial
stage.

Recombinant microbial control agents can be used in combination with
chemical pesticides and herbicides. Innovations in this area include a
bioherbicidal technology combining bacteria toxic to weeds with low doses of
chemical herbicides; field testing is scheduled to begin this year. [Allen
(1989.a)].

Progress is being made in the field of gene delivery systems, notably through
biolistics, that introduces DNA directly into plant cells and tissues by using
microprojectiles and without the need for plasmid vectors. At present, biolistics
is being used commercially on a small scale, pending further improvements in
both the apparatus and the process itself. Once refined, this system, along with
other gene transfer methods presently being developed (eg. electrophoretic
transfection), should make it possible to simplify cell transformation and to
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broaden the range of recombinant plant species [Sanford (1988:299-302)];
[Schneider (1989.b)]; [Agricell Report (1989.a)].

Although a patent has been granted on a process for creating genetically
engineered animals (see Table I.1.), significant bottlenecks in the engineering
of large animals, related, among others, to the low efficiency of embryo
transfers, is hampering development in this sector [Andrews (1989)]; [Green
(1989:558)].

As in the area of plants, the use of biotechnology in animal husbandry
includes both direct genetic intervention on the organism and the application
of modified microbial products to the organism. Thus, animal applications
involve the genetic engineering of farm animals and the use of recombinant
veterinary health care products.

Attempts are being made to confer traits upon livestock that improve
production efficiency, product quality and disease resistance, allow for the
testing of human disease and new drugs, and make possible the use of
transgenic sheep, pigs and cows as "bioreactors” [Van Brunt (1988:1149)]. In
the area of veterinary health care, new products are expected to include a host
of hormones, vaccines, diagnostic tests and therapeutics [US Department of
Commerce (1989:19-3)); [Bishop (1989)]; [The New York Times (1989.d)].

Sales of biotech products in the agricultural segment are estimated at around
$50 million for 1989. Products currently on the market include biopesticides,
such as a Bacillus thuringiensis -based pesticide for the Colorado potato
beetle (in this case still on an experimental basis); animal health-care
products, such as scours and pseudorabies vaccines; and diagnostics
[Chemicalweek (1989.c:31)].

More than half of a sample of 170 companies performing genetic research in
the US were focusing on veterinary diagnostics in 1987. At least 25 of them
were developing new animal/poultry vaccines [Department of Commerce
(1989)]. Three recombinant animal vaccines were commercially available and
15 more were undergoing field testing in 1988 [Andrews (1989)]; [Green
(1989:558)].

Of most immediate commercial interest, however, is the bovine growth
hormone (bGH), also known as bovine somatotropin (bST). It enhances the
efficiency of milk production in dairy cows, with yield increase estimates
varying between 10 and 40 per cent [Kuchler and McClelland (1989)]. After
having been in field trials since 1982 (including widespread testing in
- Africa, Asia and Latin America), bGH is now awaiting approval for commercial
sale by the US FDA. Pending final licensing, expected for this year, milk from
experimental herds is being sold for human consumption [Klausner (1986)];
[Fowler et al. (1988:1-2/129-144)]; [Schneider (1989.a)]; Richards (1989)];
[Anderson (1989)]. The marketing of bGH is facing strong oposition from the
industry, since resulting increases in productivity would most likely depress

profit rates 6. (See annex to ch. Ill).
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ILii.iv. Chemicals

ILii.iv.i Commodity chemicals

Biotechnology has much to contribute to basic chemical industries but this is
unlikely to materialize as long as petroleum prices remain at current levels. In
contrast, much is going on concerning specialities (see below).

Most commodity chemicals can be manufactured biosynthetically (Table 4
provides some examples).

Table 4
QQmmgduy_Qhﬂmmalijxamnls_a[ Al ve Bi

Product Current (chemical) 1987 US Market Bioprocess

process (in $ millions) alternative
Acetic Acid Oxidation of acetaldehyde 800 Acetobacter
Acetone Oxidation of cumene 500 Clostridium
Butanol Reduction of butanol 300 Clostridium
Ethanol Hydration of ethylene 100 Saccharomyces

Source: [Consulting Resources Corporation (1989)]

Only if crude oil-based feedstock prices tripled would biomass feedstocks
start making economic sense, though the huge sums of capital sunk in
conventional petrochemical facilities would deter a rapid shift to bioprocess
alternatives. But, of course, there is meanwhile plenty of room for improving
the relative efficiency of these bioprocesses. Some firms are attempting to
exploit this potential -- although prospects do not look too bright for the
foreseeable future and hence not much money is being channelled into
financing this type of R&D efforts.

The DBE Cetus, sponsored by National Distillers, has been working for over a
decade on the development of micro-organisms and enzymes for a
continuous fermentation process to produce ethanol. Scientists are studying
the use of rDNA techniques to engineer new, custom made, enzymes that
might allow dramatic improvements in known bioprocesses. Efforts are also
taking place in the field of antibodies. Scripps Clinic & Research Foundation
and the University of California have recently announced preliminary success
in creating "catalytic antibodies” or "abzymes", whereby the antigen-binding
property of antibodies and the chemical reaction-calalyzing function of
enzymes are combined. Their commercial potential is being explored by DBE
IGEN [Shamel and Chow (1989:682)).
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iL.ii.iv.ii. Specialty chemicals 7

Specialty chemicals comprise amino acids, enzymes, vitamins, oils, aromatic
compounds, biopolymers and dyes.

Enzymes and amino acids are the main products already on the specialty
chemicals market, including the first genetically engineered laundry detergent
lipase, marketed by leading enzyme producer Novo-Nordisk (it captured 15%
of the Japanese market just two months after being introduced) [Laperrousaz
(1989:57)] 8. DBE Genencor, a Genentech subsidiary, and leader in the
application of protein engineering technology to enzyme design, is also
commercializing several proteases and lipases.

As in most other cases, engineered specialty chemicals compete, still rather
tentatively, with products of chemical synthesis. The production of the former
has the potential advantage of being simpler, less energy intensive and more
specific (without so many byproducts). This is owed to the use of enzymes
that perform the necessary conversions. Thus, vitamins, lipids, steroids and
aromatic chemicals can be produced once the appropriate enzymes are
identified and characterized and their genetic information cloned and
expressed in micro-organisms. Chemical synthesis might eventually be
entirely replaced by a biological process [USOTA (1984:195)].

Amino acids are used as animal feed and human food additives. They are
also used as additives in cosmetics, antibiotics and herbicides. Their
production is dominated by Japanese producers led by Ajinomoto (see
section ILii.v.). Although the specialty market accounts for a negligible
proportion of world amino acid production by volume, it amounts to nearly one
fifth of their sales value, which is around $2 billion.

Pharmaceutical-grade amino acids are produced by Abbott, Baxter Travenol
and American Hospital Supply. All these companies are paying increasing
attention to the biotechnological route.

Enzymes are proteins that act as very effective natural catalyzers. They have a
wide range of actual and potential uses: for detergents (proteases), food
additives (amylases and glucose isomerases), leather, pulp refining, and

many products and processes 9. Their world sales value is over $500 million
[Shamel and Chow (1988:682)]. Novo-Nordisk and Gist-Brocades NV account
for over two thirds of the world market. Other suppliers are CPC International,
Clinton, Miles, Pfizer, Dawi Kasi, Alko, Finnish Sugar and Henkel. Because
they are direct gene products, enzymes are appropriate for engineered
improvement (yield increases of up to 500 per cent have been obtained in the
lab) [USOTA (1984:195)]. DBEs Bethesda Research Laboratories, New
England Biolabs and P-L Biochemicals and Boehringer Mannheim market
engineered enzymes.

The impact of biotechnology on vitamin production is still very weak although,
once again, it promises important potential costs savings, provided that
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efficient processes are developed (among other difficulties, not enough is
known about vitamin bio-synthetic pathways). Efforts to replace some steps
of vitamin C production with bioconversions have failed [USOTA
(1984:195)]. Genentech has developed a process to manufacture vitamin C that
reduces to just one the first five steps of the current method.

ILii.v. Food Additives

To say that biotechnologies have been used for food processing since time
immemorial is a truism. But it is not easy to assess to what extent new methods
are substituting for the traditional ones in this industry, save for the fact that it
makes intensive use of enzymes whose production, in turn, increasingly relies
on said methods (see section [L.ii.iv).

There is a wide blurred area in this respect. And, unfortunately, the available
literature is not of much help since most of it refers to the application of
conventional biotechnology to food (and drinks) production and does not
attempt to distinguish clearly between it and the new biotechnology [See, for
example, [Antébi and Fishlock (I1986:Ch. 13)] and [Hacking (1986:Ch. 7)].

The case of sweeteners perhaps best illustrates the impact that biotechnology
is having (and will have) on established markets that are critical for LDCs. Per
capita consumption in the US was 101.8 pounds for refined sugar and 26.6 for
sugar substitutes in 1970. The values were 62.6 and 89.8%, respectively, in
1988 [US Department of Agriculture (1989)].

The introduction of high fructose corn syrup (HFCS), a sweetener from corn
using immobilized enzymes had already seriously eroded traditional sugar
markets by the early 1980s, when aspartame entered the market in the mid-
1980s.

By 1988, fully 60% of the US per capita consumption of sweeteners consisted
of sugar substitutes, with HFCS still remaining as the dominant substitute. The
livelihood of an estimated 8 to 10 million people in the Third World is at stake
[Ibid].

Let us now consider the case of cacao 10. The new biotechnology threatens to
undermine the comparative advantage of certain cocoa producing countries
by making production independent of climatic and geographic conditions, and
producing cacao butter substitutes. From the standpoint of importing DCs (a
handful of which account for more than half of world chocolate and chocolate
product imports) these alternatives are obviously very attractive.

Pennsylvania State University is presently conducting research in the
molecular biology of a cocoa strain. This project, which is funded by the US
Chocolate Manufacturers Association, aims at improving the yield and quality
of cocoa plants through genetic engineering techniques. According to one
source [Juma (1989:139-40)], the hybrid varieties may favour capital-intensive,
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large-farm cocoa producing countries like Brazil and Malaysia to the detriment
of the African countries.

Laboratory production of cacao butter through tissue culture techniques is
another path being followed by LECs. Such food industry giants as Nestlé and
Hershey have teamed up with DBEs and universities (Hershey has
agreements with DNA Plant Technology and with Cornell University) in this
area, the interest of which lies in the fact that it would dissociate cacao butter
production both from cocoa imports and from all land constraints, since cells
could be grown in fermentation vats.

Finally, the all out replacement of cacao butter by modified inexpensive
vegetable oils (eg. palm and soybean oils) is presently being explored by both
Japanese and American interests. The Japanese food giant Ajinomoto has
licensed a Tokyo University researcher's patented process involving the use
of enzymes to produce a vegetable oil substitute. In the U.S., both Genencor
and CPC are doing work along similar lines. Although the relative
competitivity of cacao butter substitutes have yet to be determined, it is not
impossible that they follow a trajectory analogous to that of sugar substitutes.

In 1973, Unilever isolated the basic properties of thaumatine, a natural
sweetener derived from a Sudanese fruit. 10 years later the company
succeeded in cloning it and had it expressed by Plant Genetic Systems in
Ghent. Other companies working in this field are Beatrice Foods, through
INGENE, and Monsanto, through DNA Plant Technology. The family of
thaumatines has a sweetening power 5.000 times that of saccharose
(compared with 300 for saccharin). None of these innovations has proven to
be clearly competitive as yet, which obviously has limited their rate of diffusion
(see section lll.v).

Searle, today a division of Monsanto, has been producing aspartame by the
chemical route at the lab scale since its discovery by one of the company's
scientists in the UK in 1965. Introduced back in 1981 for tabletop and other
uses, and in 1983 for use in carbonated beverages, it gained commercial
importance in the US mass market only towards the mid-I980s, after the
company succeeded in producing it by cloning a gene of polyaspartame. In
1984 Searle and Ajinomoto set up a joint subsidiary, Nutrasweet (a trade name
for aspartame). Through it they still aggresively control most of the low-calorie
sweeteners market, although a host of newcomers are trying to take
advantage of expiring Nutrasweet-related patents (they have already expired
in Europe and Canada and will do so in the US in 1992, where they protect 60
per cent of total sales). Today Nutrasweet commands a market of over $700
million with an extremely high profit margin (operating income in 1988
amounted to $330 million with sales worth $736 million) [Shapiro (1989)].

Aspartame began quickly displacing saccharin, for it has the advantage of
lacking the metallic aftertaste of the latter (by 1978 it had gained about 70 per
cent of the low-calorie market) [Chemical Engineering (1989:47)]. Saccharin
consumption has remained stagnant over the last couple of decades. Since
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aspartame was introduced both the chemical and the biotechnological routes
have been competing.

Aspartame competes with isoglucose which has become the second important
sweetener in beverages (it has the disadvantage, though, that it is available
only as a syrup). Other artificial sweeteners obtained by the chemical route,
such as the L glucids, are already on the market--or approaching it.

Aspartame's most serious new contender appears to be Hoescht's
acesulfame-K, authorised in the US market by the FDA in 1988 for dry mixes.
200 times sweeter than sugar, it is so far being used as an ingredient in dry
beverage mixes and chewing gum. It has the handicap of a slight afterstate.
For this reason, Hoescht is trying to blend it with other sweeteners, a practice
that is becoming increasingly diffused in Europe. When blended with
aspartame, acesulfame-K tastes like sugar, tones down its afterstate and is
about 30-40 per cent sweeter than either of the two.

The total US sweeteners market amounts to around $6.1 billion [Chemical
Engineering (1989)].

Tissue culture-based vanilla production is taking place at lab scale [Rural
Advancement Fund International (1987:35)]. If competitive methods are
developed, this will threaten Third World exports valued at around $ 70 million

[see section lIl.v) 11, Similar developments are taking place with regard to
grape and strawberry flavors.

In addition, plant tissue culture is used to develop new varieties of hardy,
disease-resistant vanilla plants that could be grown outside their natural
habitat and, therefore, in the DCs. A similar case is that of palm oil plants.

Because of its milk-clotting properties, rennet is an enzyme widely used in
cheese production. Rennet cloning was first reported in Japan in 1981. Later,
DBEs Genex, Collaborative Research, Genencor and Celltech in the UK
replicated the experiment (Collaborative Research holds a US patent).
Engineered calf rennet was first commercialized in the US in the mid-1980s.

IL.ii.vi. Minerals

As in the case of other applications, the boundaries between the use of new
biotechnologies and that of more conventional ones are not altogether clear.
In any case, as in all other industries engaged in taking advantage of
bioprocesses, there is a potential profit to be made by introducing the new
techniques, which is almost entirely untapped. Taking advantage of this
potential would demand an amount of resources that is just not available, so
that progress in this field is incipient and can be expected to proceed at a very
slow rate.
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Another reason for this expected slow rate has to do with sparse human
resources. Most industrial experts in this field are chemical engineers, and
know little about microbiological processes. These processes are studied
mostly in universities and research institutes by scientists lacking engineering
scale-up skills and related resources [Warhurst (1989:14)].

Advanced biotechnology is being used to overcome the high costs and

technical shortcomings of known microbial processes 12. Different plasmids
of an uranium-resistant strain have been isolated, cloned and expressed in E.
Coli at General Electric. The genes would code for substances that become
attached to metals and destroy their toxicity. The same results have been
achieved for iron at McGill University (Montreal). Plasmids of a strain that
tolerates arsenic (present in many veins of gold) have also been isolated at
Cape Town University [Antébi and Fishlock (1986)]. This may lead to dramatic
yield increases while supressing production of highly poisonous sulfurous
gases. Pilot industrial tests are being carried out.

Currently, 10% of the copper produced in the US is obtained using bacteria in
either dump, heap or vat leaching. BC Research, a Canadian company, has
developed a bacterial leaching process that can compete with smelting
systems for veins rich in copper and, possibly, nickel and zinc as well. This
process is reported to produce sulfur as a by-product and reduce costs by
28%. Scaling up efforts are being supported by a consortium of companies
that includes BP Minerals and Somito Mining [Ibid].

Other alternatives, such as spraying bacteria directly into the mine, are still
rendering very low yields (this route is being pursued by the Institute for
Industrial Research and Standards in Dublin). Mineral companies like
Chevron, Noranda (Quebec), Inco (in this case jointly with Biogen) are also
working in this field. Engelhard Corp. has developed two systems for
recovering metals by using fungus organisms in waste water. Kodak's
scientists have isolated a bacteriuim from photographic emulsions that can
extract silver from silver sulfide solutions [Ibid].

Apparently Advanced Mineral Technologies (Socorro, New Mexico) is the only
DBE operating in mineral applications in the US. In Canada, there are two
DBEs in this field, which pursue contrasting strategies. One of them has
chosen to diversify into all areas of mineral processing and is doing well. The
other chose to specialize in biotechnology applications for high value gold
extraction and is on the verge of failure largely because of a lack of industrial
processing skills [Warhurst (1989:15-16)).

ILiii. Trends in the Diffusion of Biotechnology
ILiii.i. General Assessment

A survey of OECD-based companies suggests that the 1990s will almost
certainly witness the acquisition of biotechnological capabilities by increasing
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numbers of pharmaceutical, agri-industrial and, to a much lesser extent, food
processing, and other types of companies [See OECD (1989:11)].

However, such efforts will continue to be made above all at the R&D stage. It is
not so certain that technological capabilities will catch up any time soon with
the acquisition of applied scientific skills at the enterprise level. Probably some
20 or 30 years at least will elapse before biotechnology becomes a widely
utilized technology, affecting many industrial sectors.

Market forecasts must be treated with great care. There is a need to be
extremely cautious in diffusion rates projections because it is much too early to
even specify the assumptions such forecasts are based on. Estimations differ
wildly [OECD (1988)]. At the aggregate level predictions for the year 2000
range from $9.000 to 100.000 billion. Mistaken (often self-seeking) forecasts
on the speed of movement of scientific, technological and commercial frontiers
abound. There are many examples of this 13, Even at the product level
forecasts have often proven to be irrealistic because those that produce the

forecasts usually are the interested parties themselves 14.

As an example, the president of Agrigenetics has been quoted as having
stated on agricultural applications that "new biological pest controls and
hardier plant varieties would turn farm chemicals into museum pieces within a
few decades". Ironically enough, Agrigenetics was later taken over by
Lubrizol, a major chemical concern [Fowler et al. (1988:75].

Therefore, when looking forward, what matters most at this stage is the
qualitative appraisal of possible diffusion trends and underlying
assumptions which, in itself, represents quite a challenge. Another way of
assessing potential markets is from the standpoint of needs: for example, 350
million people suffer amebiasis, more than 400 million people thachome, 100
million malaria, etc. [USOTA (1984)]. However, as the case of vaccines to be
reviewed further on illustrates, biotechnology is unlikely to make a difference
for these people.

Progress in some applications can be expected to pull progress in other
applications as a result of spillovers affecting interindustry diffusion rates.
Thus, for instance, US National Institutes of Health-funded research, aimed at
applications in the field of medicine, is also expected to have an immediate
impact on applications to agriculture, marine biology, the use of micro-
organisms in waste management, and many other fields [USOTA (1989:16)].

One seemingly reasonable growth estimation is that of Consulting Resources
(Lexington, MA). This firm forecasts that, overall, the US biotechnology
industry will grow at an average rate of around 25% per year through the turn
of the century, when total sales could reach $11 billion [Chemicalweek
(1989.b)]. However, important macroeconomic impacts of biotechnology
should not be expected before the second decade of the next century, if then
[OECD (1989):14].
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Undoubtly, biotechnology will strengthen trade reversals between DCs and
LDCs, as the case of sugar substitutes clearly shows. The few biotechnology
products already on the market are too expensive to reach LDC populations,
beyond the fact that, by and large, they are aimed at DC-specific health
problems. Finally, although dramatic increases in production efficiency may
result from the use of biotechnology processes in a wide variety of industrial
activities, there are still many engineering bottlenecks to be surmounted
before such potential can be realized.

While diffusion of biotechnology products and processes is slowly beginning
to gain momentum, the environment and the innovations themselves are
changing permanently. In this uncertain environment, first comers, and even
close followers, have little choice but to try to recover their sunk R&D
investment in as short a time as possible and, hence, to charge exceedingly
high prices, which makes reaching the mass market competitively rather
problematic, no matter how intrinsically advantageous their products and
processes may be.

High profit margins might be expected to induce the expansion of industrial
capabilities and skills and thus sustain a rapid adoption process. However,
isolated, unique products are unlikely to generate such a trend. The still
questionable commercial feasibility of many applications raises a big question
as to future diffusion rates. These are not likely to pick up unless greater
advantage is taken of economies of scope and scale up-related bottlenecks
are overcome.

As diffusion proceeds, the main thrust of the dominant natural trajectory of the
industry may change. Thus, it may shift from diagnosis to therapeutics and
prevention, from process to product innovation in agriculture-related
applications and, eventually, as the basic techniques become increasingly
routinized, towards food, basic chemicals, biomass and waste disposal.

Systemic (social, institutional, financial) innovations are critical for society to
profit from the contributions of biotechnology. For instance, in the health care
sector, the diffusion of biotechnology applications goes hand in hand with the
need to automatize treatment, interpretation, transmission and research work
and to adjust medical and financial practices [OECD (1989:14)].

The scientific frontier in biopharmacetucials has been moving somewhat
ahead of expectations whereas the opposite has been true of the commercial
frontier. This despite the fact that progress has taken place in technology,
particularly in fermentation-related areas such as: (i) fermentation control
systems; (ii) real time monitoring; (iii) analytic control systems; (iv) cell culture;
(v) product separation and purification (which, together with dosage, account
for a large proportion of final cost); (vi) scaling up; and, (vii) isolation and
purification of biologic macro-molecules (peptides and proteins). Nonetheless,
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important technological challenges are still to be overcome (see section

One industry source estimates that sales of biotechnology-based
pharmaceuticals in the USA will reach $2.5 billion in 1990 [PMA (1989)).

It is unlikely, however, that therapeutic genetics will be applied massively
before the end of the century (among other things, the mechanisms of cellular
transformation and genetic expression still require better understanding--see
section llL.ii.).

The fight against cancer and AIDS is not giving much hope for the immediate
future. Likewise, the first new treatments for auto-immune disorders such as
rheumatoid arthritis, diabetes and multiple slerosis which, together with cancer
and AIDS, are drawing the most attention, are not likely to be available before
the turn of the century. Dosage problems have entailed delays with regard to
forecasts issued some years ago: the large molecules in protein and peptidic
drugs cannot be ingested orally without being previously degraded. Similar
problems exist via injection (see section IILii.).

It is expected that novel delivery systems critical to the diffusion of bio-
pharmaceuticals will enter the market within the next few years. Included
amongst them are new oral forms, magnetic systems, transdermals, infusion
pumps, ocular and nasal systems, bioerodible implants, liposomes, and
aerosols. The market for these systems is forecast to reach $4.5 billion in the
USA by the early 1990s [Department of Commerce (1987:17-7)].

In Mab-based products some estimates put the US market at $6 billion
towards the second half of the 1990s, largely as a result of a rapid replacement

of conventional techniques using polyclonal antibodies 15, In vitro diagnostic
tests are forecast to soon account for over 60 per cent of the total
immunodiagnostics market, reaching $1.3 billion in sales in 1992 (the Mabs
themselves represent only some10/15% of that value). However, the other two
components of the Mab market, in vivo diagnostics and, particularly, Mab-
based therapeutics, are expected to reverse the importance of in vivo
diagnostics toward the mid-1990s in their favour [Koenig (1989:5)].

As new products and applications develop, such as interleukin-2, colony
stimulating factors and growth factors, worldwide consumption of peptides (60
per cent of which is used in human health case) is forecast to grow at 13 per
cent per year, reaching $ 13.3 billion by 1996 (including $5.9 billion in Europe
and $2.2 billion in Japan) [Twersky and Rhoades (1989:9)].

In automation equipment, some product lines are expected to triple towards
the mid-1990s as a result of a drive by biotechnology firms to more fully
automate the entire sequencing process by adding more data capabilities
and related equipment. In particular, the rate of growth of handling sales of
automated instrumentation in the US (DNA and protein/peptide synthesizers
and sequencers), may be close to 26 per cent over the next five years. The
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development of lower cost instruments may make items such as protein
sequencers more affordable than at present [Gray (1989:12)].

As far as recombinant products are concerned, there are 23 basic product
varieties at different stages of development in the US biotechnology pipeline,
a good deal of which are likely to reach the market within the next 5 years
[Sercovich and Leopold (forthcoming)].

The list of products in the pipeline includes, among others (indications are
shown in parentheses): atrial natiuretic factor (blood pressure regulator);
epidermal growth factor (wound healing); fibroblast growth factor (wound

healing); granulocyte colony stimulating factor (leukemia and AIDS); gamma-
interferon (hairy cell leukemia); interleukin-2 and 3 (various cancers and
AIDS); macrophage colony stimulating factor (infectious diseases, cancer);
superoxide dismutase (cardiac treatment and organ transplants); and tumor

necrosis factor (antitumor and antiviral therapy)16.

These products are being developed by alliances involving several dozen
companies. On this basis, one likely scenario is that by 1995, caeteris paribus ,
the US biopharmaceutical market may consist of a total of just over 30-odd
products being offered by some 64 companies with full rights to--though not
necessarily an equal share in--the resulting profits. This does not include an
extremely wide range of critical input, service and equipment suppliers, which
makes a profit squeeze even more likely and the bargaining equation even
harder. The list of companies includes 20 large pharmaceutical multinationals,
which are showing increasing interest and activity in biotechnology (see
section on company strategies). [For further details at the company level, see
Sercovich and Leopold (forthcoming)].

Certainly an overcrowded market seems a highly unviable scenario for most
players. The weakest among them would be placed in an unbearable position.
They are cenrtainly not likely to wait until the last minute to do something
about it (like getting out of the game before is too late). In fact, this
swarming phenomenon, added to the still uncertain competitiveness of
biotechnological products (see in section lll.v.), makes the autonomous
survival of many DBEs and the profitability of those that will stay in the market
rather problematic (idem).

In an industry where an after-tax profit margin on sales of around 15 per cent
is considered a must in order to finance R&D expenditures that account, on
average, for around $100/120 million per product and 7/10 years from
conception to commercialization, the swarming phenomenon in question
makes a "reasonable" return for everybody concerned highly unlikely, even
after allowing for the following facts: (i) some of these biologicals may prove to
be blockbusters ie., products commanding a market of over $250 million per
year (which is yet to be the case); (ii) biotechnology makes drug design more
rational and should therefore allow for some cost reduction and (iii) the
bargaining balance between those who share in the profits is normally highly
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uneven [For further elaboration on this, see Sercovich and Leopold
- (forthcoming)].

This appears to be a far cry from the "Schumpeterian Mark-I" upswing that
some have anticipated based on the rise of large numbers of biotechnological
research companies (see, for instance, [Kenney (1986.a)]. Leaving aside
those that work as intermediate suppliers or that manage to find a comfortable
niche market such as in delivery devices, many of these companies can
probably only hope to become research boutiques or specialized R&D
subcontractors, ie., something resembling a fixed research overhead from the
point of view of the industry as a whole. Thus, they would turn out to be, at
most, marginal players in the competitive arena [Sercovich and Leopold
(forthcoming)].

Only dramatic quantum leaps in the relative competitiveness of biotechnology
products and processes vis-a-vis established products and processes may
smooth the impact of approaching growth traumas. But such leaps are not too
likely in the near future, if only because many of the key players in the game
are simultaneously those who would have the most to lose and the only ones
with the required technological and financial muscle to push them forward
[Ibid].

DBEs are becoming painfully aware that, in order to have their breakthroughs
give rise to massively marketed pharmaceutical products, they need, among
other things, to present them in the form of pills rather than injectable
substances--which is something linked to serendipity and financial and
industrial resources rather than to fundamental science skills. In fact, to do so,
they may not have much alternative but to wed their technology with the old-
line empirical skill of making synthetic chemicals. By themselves, DBEs just
lack what it takes to handle commercially this likely marriage between genetic
engineering and synthetic chemistry [Bylinsky (1988:159)].

ILiii.iii. Agriculture an

Efforts aimed at outlining the future of agricultural, particularly plant-related,
biotechnology applications are even more tentative than in human health
care. The R&D frontier is less advanced, more fraught with difficulties and
considerably less well funded. Obstacles to cost-effective production remain to
be surmounted. Regulatory and economic constraints are greater. And the
public is not receptive. For these reasons (see next chapter), a time frame for
market introduction can at best consist of informed guesswork, except in the
case of a few products that seem to be quite close to market. In addition, save
a few instances, there is little information available about potential market size.

If regulatory and economic criteria are met, bioengineered plants and
microorganisms will begin to be commercially available in the early to mid-
1990s. However, their rdle in agriculture is not likely to become truly significant
until well into the next century. Herbicide- and pesticide- resistant plants and
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microbial pesticides are expected to play a supplemental albeit increasingly
important rGle over the coming decades.

The first genetically engineered plant products will probably reach the market
within the next 3 years. Commercialization is not too far off for many of the
more important potential agricultural products such as genetically engineered
crops, for which field trials are already underway.

For instance, Monsanto is field-testing genetically engineered cotton plants
tolerant to the herbicide Roundup. Meanwhile, Agracetus is also field-testing
genetically engineered cotton that is resistant to tobacco budworms and cotton
bollworms. Joint field trials are planned by Calgene and Monsanto of
genetically engineered virus-resistant potato plants. Pesticide and herbicide-
resistant tobacco plants and insect-resistant tomato plants have also been
tested and could come to market in the current decade [Chemicalweek
(1989.c):31].

The engineering of herbicide resistance into crops has met with considerable
success. Resistant hybrid lines may be introduced within 3 to 4 years once
extended field trials are completed and numerous technological, engineering,
economic, legal and regulatory issues have been dealt with [Botterman and
Leemans (1988)].

Because of unresolved gaps in scientific understanding, plants in which
desired traits are controlled by multiple genes will not be commercially
available until well into the future.

Recombinant microbial biopesticides represent a potentially lucrative market,
which could reach $8 billion worldwide ($2 billion in the US) by the turn of the
century [Thayer (1989.b:11)]; [Chemistry in Britain (1989.b:772)]. The
willingness of industry to invest in the development and production of
engineered biopesticides depends to a large extent upon regulatory policies
and practices.

Biopesticides using killed genetically engineered microorganisms appear to
be the first marketable class of products, since lengthy regulatory procedures
related to field release can be avoided; they may come into the market in the
early 1990s. [US Department of Commerce (1989):19-4]. The commercial time
frame for products using recombinant living microorganisms remains less
clear; one expert at the US Environmental Protection Agency puts it at 10 to 12
years, which would shed doubt upon the prospect of a multibillion dollar
market for the year 2000 [Burrill (1988:184)].

To the extent that herbicide resistant cultivars are designed to be used in
conjunction with chemical herbicides, the size of their market will be closely
linked to that of the herbicide industry; in1987, worldwide herbicide sales were
on the order of $7 billion, with the U.S. market alone totaling nearly $3 billion
[Thayer (1989.b:11)]; [Goldbaum and Mackerron (1989:9)]


scormier
Sticky Note
None set by scormier

scormier
Sticky Note
MigrationNone set by scormier

scormier
Sticky Note
Unmarked set by scormier

scormier
Sticky Note
None set by scormier

scormier
Sticky Note
MigrationNone set by scormier

scormier
Sticky Note
Unmarked set by scormier

scormier
Sticky Note
None set by scormier

scormier
Sticky Note
MigrationNone set by scormier

scormier
Sticky Note
Unmarked set by scormier


29

In plant biotechnology the rate of diffusion is largely controlled by major seed
and chemical companies with vested interests in the markets concerned
because substitute products are often involved. Company strategies therefore
play as important a rdle in this case as they do in that of pharmaceuticals. In
other fields, such as energy applications, possible conflicts of interest of this
kind are placed much farther into the future.

While the first genetically engineered herbicide tolerant seeds will be on the
market within the next few years, artificial seeds are expected to reach it well
into the current decade. In agricultural applications a coexistence between
biological pest control and the old chemicals and crop varieties that have
been adapted to tolerate even more chemicals during a rather protracted
period can be anticipated.

A two-stage diffusion process can be envisaged in this sector whereby
agrichemicals will slowly be displaced 17. This process would consist of:

(i) innovations geared to increase plants’ herbicide-resistant attributes: first
through herbicide resistant seeds and then through artifical seeds in which
herbicide resistant attributes will be packaged with the herbicides themselves
into non-reproducible seeds using new herbicide generations to the rate that
the old ones have their patent validity expired; and,

(i) innovations consisting of the introduction of live-microorganism
biofungicides, bioherbicides, bioinsecticides and nitrogen fixation
bioproducts whose timing of introduction is still uncertain, although expected
to start by early next century [Doyle (1986:229)].

Diagnostic tests to detect diseases and virus in plants with the help of nucleic
acid hybridation techniques are also expected to reach the market during the
current decade.

Agricultural applications may begin growing at a faster rate than that of
biotherapeuticals or diagnostics toward the close of the century
[Chemicalweek (1989.b)].

In the area of animal husbandry, bGH is likely to be marketed starting this
year, thus becoming the first product of agricultural biotechnology to be
commercially available. However, a broad range of regulatory, public opinion
and socio-economic factors make the prospect still somewhat uncertain (see
next chapter). Initial market size is estimated at more or less $500 million per
year [Richards (1989)].

BGH is perceived as a potentially precedent-setting case in the field of
regulation and it has been provoking strong negative reaction on the part of
certain intermediate and final consumer groups (see annex to chapter Ill). It
remains to be seen whether in this case, as in others that impact farm
economics and/or involve what is ultimately linked to food products, critics will
succeed in creating significant barriers to commercialization.
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In August 1989 the EEC rejected a plan for a 18 to 24 months moratorium
on the use of bGH, but decided to put off a decision on wide scale
commercialization [Dixon (1989:985)].

Transgenic farm animals with traits allowing for improved productive
efficiency, disease resistance and product quality might be marketed by the
end of the 1990s [US Department of Commerce (1989:19-3)].

In veterinary health care, it is anticipated that eventually all conventional
vaccines will be replaced by recombinant vaccines, but the time frame
appears uncertain. The market for these products could be substantial, as
vaccines presently account for almost 25 per cent of an estimated $6.8 billion
in worldwide sales in animal health care [Green (1989)].

[Liii.iv. Chemicals

The knowledge base in chemical applications is still relatively limited. For
instance, the potential of enzymes to catalyze specific reactions is still largely
unexplored. Natural enzymes are far from having been identified [Laperrousaz
(1989)]. Most of the action in this field still remains at the lab scale. This does
not mean, however, that said activity is not hectic (see below). Through
genetic engineering and protein engineenng, enzymes can be produced more
effectively and in such a way as to render them more active, selective and
stable vis-a-vis changes in temperature, pH, etc.

As pointed out further above, the reduction in petroleum prices has caused a
slowing down of efforts devoted to commodity chemical product substitution;
the respective rate of diffusion is therefore expected to be very low for what
remains of the present century [OECD (1988:8)].

The relative sluggishness of developments in the specialty segment compared
to pharmaceticals is due partly to the focusing of biotechnology funding on
health-care. But perhaps more important is the fact that biotechnological
processes do not yet show a distinct advantage over conventional processes
while the amounts of R&D investment required to change this situation are
substantial.

Because of high costs and still unsurmounted scientific uncertainties and
technological bottlenecks, only around two per cent of the current total US
market for specialty chemicals ($40 billion) is expected to be susceptible to
penetration by new biotechnology-based products during the course of the
1990s [Shamel and Chow (1988:682)]. However, specialty chemicals are
expected to begin growing faster than biotherapeuticals or diagnostics
towards the turn of the century [Chemicalweek (1989.b)].

It is thought to be unlikely that the value of biotechnology-basedchemical
products and processes will surpass one per cent of the $200 billion overall
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US chemical process industry before the start of the next century [Shamel and
Chow (1989:682)].

Large chemical multinationals are slowly shifting their operations towards
biotechnology. ICI, for instance, is investing $20 million through ICI biological
products in a multipurpose biotechnological facility to produce novel
biodegradable plastics, enzymes and forage (silage) preservation products,
all specialties with high growth and profit potential. This way, ICI expects to
recover some of the losses incurred in its commercially ill-fated single-cell
protein animal feed supplement (trade-named Pruteen) by taking advantage
of the experience and knowledge gained then, particularly in fermentation
(Pruteen could not compete with soybean animal feed) [Chemical and
Engineering News (1989.a)].

Monsanto alone devotes over $100 million annually to biotechnology R&D
while DuPont is said to invest over 20 per cent of its total R&D budget of $1.4
billion in biotechnology-related research [Shamel and Chow (1988:681)];
[Weber (1989:81)].

[Liii.v. Eood additives

Scientists are working with three-dimensional computer models of protein-like
sweeteners to define the molecular basis of taste, including sweetness. This
way, some molecules have already been produced that are up to 10.000 times
sweeter than sugar. The paradox is that, although considerable resources are
being spent in DCs to mimic the unusual attributes of sugar, there are still
serious doubts that sugar substitutes are necessarily beneficial or warranted

[Leary (1989:C9)] 18.

A wide variety of additional sweeteners will be reaching the market
within the next few years 19. All of them are, still unsuccessfully, attempting to
emulate sugar's properties (taste, texture, heat stability, synergy with other
sweeteners, bulking and shelf life) while avoiding its caloric content.

Among the new artificial sweeteners to enter the US market within the next few
years (dozens are in development), the most significant are alitame (Pfizer)
and sucralose (Tale & Lyle). Each expects approval for 15 uses, including
baked goods, beverages and tabletop applications. Alitame is 2,000 times and
sucralose 600 times sweeter than sugar. Their low caloric content plus the tiny
amounts needed as compared with sugar explain their competitive edge,
despite their more limited attributes [Leary (1989:C9)].

Thaumatin, isomalt (Subungsmittel GmbH) and L-sugar (Biospherics Inc), are
still at the development stage inspite of good prospects and doubts remain
about their potential competitiveness. Thaumatin, the most advanced of the lot,
is expected to start marketing tests in 1992.
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ILiii.vi. Minerals

LDCs have a special stake in the development and diffusion of
biotechnology's mining applications. It is in these countries where most of the
new projects and unexplored mineralized zones are located.

Although, because of site-specific geological characteristics, no single
process is expected to dominate on pure cost grounds, bacterial leaching
apparently is an appropriate technique for LDCs' mineral deposits, which can,
among others, broaden the choice of process routes for both mineral
extraction and metal recovery [Warhurst (1984)].

In the future, vat or confined bacterial leaching systems may become a valid
economic alternative to smelting for copper concentrates obtention. Pilot plant
trials indicate that, at the energy costs prevailing during the mid-80s, bacterial
leaching of copper concentrates may be carried out successfully at 60-70% of
the cost of a similar smelting operation while allowing the economic recovery
of associated precious metals like gold and silver. In addition, bacterial
leaching can be used to solve such metallurgical problems as separation of
lead from zinc concentrates; arsenopyrite from copper smelter feeds; and of
pyrite from disseminated gold-bearing ore [Ibid].

Because most commercial use of bacterial leaching so far applies to DCs’
ancient dumps of what was up until now considered waste, yields underate
the potential of the technology as a result of the fact that these dumps provide
an inadequate environment for microbial activity. Yields could be considerable
higher in LDC environments, which are usually more hospitable than those of
DCs [Ibid].

Because of the long lead times required to develop mining projects, early
consideration should be paid to making use of the biotechnological route.
Nonetheless, the diffusion of mineral applications of biotechnology can not be
expected to gain momentum any time soon.

One industry source estimates that mineral applications of biotechnology may
command a potential market of $ 5 billion by the turn of the century
(Chemicalweek. (1989.c)].
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Notes

1: The first rDNA product for clinical use in humans has been human insulin, approved in the US
by the Food and Drugs Administration in 1982 (see Table I.1.). Genentech's scientists devised
the rDNA methods and Eli Lilly subsequently developed and marketed the product as therapy
for diabetics. For details on the categories of proteins being developed as human therapeutics
and the respective technologies used to make them see [USOTA (1984) and (1987.a)].

2: Biotechnology has brought great stimulation to the peptide market. Peptides comprise
compounds which are both genetically engineered (like insulin) and chemically synthesized (like
cyclosporine). Worldwide consumption of peptides is estimated at $5.5 billion in 1988 ($2.7
billion in the US alone). Human health accounts for 60 per cent of the peptide market. Food
applications, largely aspartame (see section on food additives further below), account for around
25 per cent. The remainder is mainly taken by agriculture (glyphosate) [Twersky and Rhoades
(1989:9)].

3: Several of the products whose commercialization has already been authorized consist of the
same type of protein marketed by different companies for the same therapeutic use (ie., they
are perfect substitutes).

4: Applied Biosystems is the leader in this market segment. It competes, amongst others, with
Du Pont, Swedish Pharmacia-LKB, Porton International (UK) and Millipon. Other companies, like
Hewlett- Packard, are expected to enter the market soon [Gray (1989:12)].

5: One of the most recent scientific breakthroughs in plant biotechnology has been the
development of a technique for using plants to grow Mabs thus substituting mouse cells as a
growth medium, which are expensive and sometimes rejected by patients [Balkeslee, S. (1989)
and (1990)]. Plants are also being made to produce peptides in greenhouse experiments
[Sterling (1989)]. At the same time, efforts are being applied to create transgenic cows, mice and
other animals which can produce large amounts of useful substances (such as blood-clotting
factors) in their milk. At least 4 patents are pending in the US Patent Office in this field. DBEs
Immunex in the US and Pharmaceutical Proteins in the UK are working in it. DBE Integrated
Genetics is also seeking similar patents [Business Week (1989.c)]

6: While the timing of introduction is thus being delayed, among others in order to avoid a
supply glut, consider the situation of Pakistan, a country that, with 3 and a half times as much
pasture as Wisconsin (US' most productive dairy state) and one and a half as many dairy cows,
produces 25 per cent as much milk. Because its cows are barely 15 per cent as efficient as
Wisconsin's, Pakistan spends around $ 30 million importing milk every year [The Economist
(1990:79)].

7: Specialty chemicals are conventionally defined as chemicals whose price exceeds 50¢/kg.
Commodity chemicals are chemicals that sell for less than 50¢/kg.

8: Novo Industry A/S and Nordisk Gentofte A/S, both Danish companies, agreed to merge in
1988. Novo, the world's largest producer of industrial enzymes, accounts for half of total world
supply. Enzymes accounted for one third of Novo's 1987 sales. The company is also the world's
second largest insulin producer, accounting for 26.8% of the market (after E. Lilly, with 36.6%).
Novo is building a plant to manufacture an engineered blood-clotting product, Factor Vlla, used
in the treatment of hemophiliacs. It also has several neurological drugs in the pipeline, including
one for epilepsy, three antidepressants, and three anti-anxiety medications [Morris (1989:29)].

9: The French concern Cellulose du Pin has been trying the biotechnological route for pulp
refining semi-commercially in various plants with very encouraging results so far. The enzymes
are provided by Sugar Finnish (which has a joint project with Cellulose du Pin in the context of
the Eureka project). In the case of the Poix-Terron plant in Ardennes, specialized in recycled
paper, productivity increased by 10-15 per cent compared with the conventional mechanical
process. Substantial improvements in the quality of mechanical pulp for newspapers can also be
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obtained. It is expected that the paper industry might become the fourth largest industrial
enzyme user, after the detergent, sweetener and cheese industries [Laperrousaz (1989:57)].

10: Cocoa is a plant. Cacao butter is a product derived from that plant. Historically, the
production of cocoa has been confined to tropical regions, indeed to countries having very
specific climatic and geographic conditions. Thus, when colonial powers began moving plant
germplasm from one continent to another, cocoa, which originated in Brazil and Mexico, was
introduced into a limited number of countries in West Africa, Southeast Asia and the Caribbean.
The seven most important cocoa producing countries, hamely: the lvory Coast, Ghana, Brazil,
Cameroon, Nigeria, Malaysia and Equador, presently represent some 80% of world production
and supply the bulk of the $2 to $2.6 billion in cocoa bean exports. The four African countries
of the group alone account for 55% of the world market. Given their non-diversified economic
base and the pervasiveness of small-holding agrarian structures, these African countries are
particularly dependent upon cocoa both for export generated revenues and for employment. In
Ghana, for instance, over 20 per cent of the work force is engaged in cocoa production.
References: [Kloppenburg (1988)]; [OECD (1989)]; [Juma (1989)};[Hobbelink (1988)}; [Christian
(1989)]; [Pimentel et al. (1989)]; [Fowler et. al. (1988)].

11: Fully 98% of the world vanilla crop is produced by four countries (Madagascar, Reunion, the
Comoros and Indonesia). Three quarters of total world output comes from Madagascar where
70.000 small farmers grow this labour intensive crop. US vanilla imports ($47 million in 1985)
account for 58 per cent of total world supply [ibid].

12: Thiobacillus ferroxidans the best known of mineral fed bacteria operates at an extremely
slow pace and, to make things worse, it presents traces of arsenic or lead or too high a
concentration of copper or zinc in the case of precious-metal extraction.

13: As recently as 1986, Peter Drake, a prestigious investment analyst then with Kidder
Peabody, predicted that Genentech would have twelve products approved by by FDA by 1990
[Teitelman (1989:192)]. By the end of 1989 it had just three (insulin, human growth hormone
and t-PA) and is unlikely to get more before the mid-90s).

14: For instance, tissue plasminogen activator (t-PA), Genentech's presumed blockbuster, was
expected to command a market of around $1 billion. These expectations had to be lowered
down to, in the best of cases, one fourth of that figure.

15: To the extent that this figure includes monoclonal antibodies that are to be used as delivery
systems for therapeutics, there is some overlapping between this figure and that provided in the
previous paragraph.

16: Some of these products can be put to use for different medical applications. For instance,
no less than 65 product varieties are being developed in the US just regarding cancer (14 for
lung cancer, 20 for colon cancer, 16 for breast cancer, 10 for prostate cancer and 11 for skin
cancer, including malignant melanoma). At the same time, there are 14 drug varieties focused
on AIDS or HIV-related illnesses while 12 vaccine varieties are been tested for hepatitis B,
malaria and HIV-AIDS [PMA (1989)].

17: This displacement has already started. For instance, Ciba-Geigy, although having the
technology to produce straightforward herbicide-resistant crops, is beginning to pay increasing
attention to insect and drought-resistant crops [Chemistry in Britain (1989.a:121)]. Beyond the
"normal” damaging impact of chemical pesticides on human and animal health, pesticide
production-related accidents, like that of U. Carbide in Bophal, that killed 2000 people and
injured another 20.000, do little to offset their disrepute.

18: "There is nothing out there that can successfully replace sugar. Sugar has a lot of functional
propenrties in food other than sweetness and no one has been able to duplicate all of them"
[Clysdesdale (1989)]. The growing use of no-calorie and low-calorie sweeteners has not stopped
obesity from increasing and there are no studies showing that lower or no-calorie sweeteners
are effective as long-term weight loss aids [Jacobson, M. (1989)]. Likewise, food companies
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are effective as long-term weight loss aids [Jacobson, M. (1989)). Likewise, food companies
have been trying for years to convince people about the anti-cholesterol virtues of oat bran
cereals. However, a study published in a January 1990 of the New England Journal of Medicine
suggests that these claims are unwarranted. The more people consume these "magic bullet”
products, the more they indulge in consuming high calorie products. The case of low calorie
sweeteners is entirely analogous. Surely, the key lies in overall diet and life-style rather than in
"saviour” products.

19: "When you read the literature and talk to people at meetings, it seems that about every major
food company in the US has someone doing sweetener research" [Keeney (1989)]. For
instance, one of the largest world consumers, Coca Cola, has already patented its own low-
calorie sweetener, which is still in early stages of development [Shapiro (1989)).
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. i
nd the R f Diffusion of Bi h

lILi. Introduction

This chapter examines different factors that affect the timing of introduction
and pace of diffusion of biotechnologies. The highly intricate interactions
among these factors, over and above their individual complexities, do not
make the task any easier. No simple and sharp distinction can be made
between retardatory and accelerating factors, for some of them may act both
ways according to circumstances and industries. However, on balance,
retardatory forces appear to be prevailing so far making the actual rate of
product introduction and diffusion lag behind the potential rate.

As we shall see below, public opinion is one of the forces with a dual impact.
In agricultural applications it appears to be slowing down the timing of
introduction, while in pharmaceuticals it accelerates it.

Likewise, companies under intense rivalry are often led to speed up the pre-
introductory process so as to reach the market first. But this is not always the
case. It depends on the type of company. Thus, for example, agrichemical
enterprises are in no rush whatsoever to speed up the substitution of
biotechnological inputs for what amounts to a profitable established market for
agrichemicals.

Advances in the knowledge base are widely taken as being one of the main
forces accounting for the development of biotechnology. However, at the
same time, important gaps in scientific understanding remain and, more to the
point, engineering knowledge is lagging. As a consequence it is proving
rather difficult to reach the market with competitive products.

The relative lack of competitiveness of biotechnology products (even
accounting for differences in quality as compared to conventional products) is
one of the forces most clearly slowing down the rate of diffusion. This, in turn,
has a lot to do with the existence of entry deterring barriers, which have not
received enough attention so far. Scaling up problems, legal dispute over
patents, skills shortages, and other factors are among such barriers 1. Finally,
regulation contributes to long lead times and heavy development expenses.

The existence of an unusual swarming phenomenon at the R&D stage, the
slowing down factors just mentioned, long lead times, and relatively adverse
conditions in capital markets (ie., increasing reluctance to support "magic
bullet’-related business plans), are creating conditions of uncertainty likely to
keep the rate of product development slow. DBEs' high financial burn rates
and low survival rates are another clear expression of these difficult
circumstances [Sercovich and Leopold (forthcoming)].
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The sparsity of managerial, organizational, institutional and social innovations
also works as as a retardatory factor in biotechnology diffusion. The current
crisis of the US national health system referred to below is an example of the
need for accomodation at those levels.

The availability of such skills as the ability to manage multidisciplinary R&D
and take prompt advantage of synergies and cross-fertilization in scientific
and technical knowledge is still another important dimension bearing upon
diffusion rates, among other things, by facilitating or deterring the exploitation
of spin-off potentials.

However, the rapid rhythm of scientific and technological progress in
biotechnology can bring surprises by giving rise to breakthroughs that may
radically change this situation at any time. Equally important, there is already
in motion a very dynamic process of follow-up secondary innovations. Finally,
changes in relative prices as a result of unexpected events may also place
biotechnology processes and products at the centre of the competitive stage.

Biotechnology has given rise to some (not always unbiased) views that tend to
confuse science with technology and to understate the distance between a
scientific discovery and an economically profitable technical application.

For instance, one comes across statements like this: "One important
characteristic of biotechnology is the very short lead time from discovery to
application. A laboratory finding can, in many cases, lead to a path of product
development almost immediately after the finding is published" [Johnston and
Edwards (1987):7]. Not coincidentally, one of the writers of this sweeping
statement (Johnston), is a venture capitalist. This sort of view has pervaded
the writings of many authors (for an exception, see [Teitelman (1989)].
Although it is true that the new biotechnology has often brought about a
compression of the different stages that go from basic scientific discoveries to
actual applications, exaggerating the existence of short-cuts and quick fixes
pays lip service to the interests of LDCs contemplating their entry into the
industry [Sercovich and Leopold (forthcoming)].

The case of vaccines illustrates other obstacles to diffusion. Science push
forces do not appear to work in this field. Obstacles to biotechnology
introduction and diffusion (involving rendering products accessible to those
who need them most dramatically, ie., LDC children) have little to do with
limitations in the scientific base 2. The problem of the relative lack of private
interest in this field apparently lies, rather, on market failure. While "increased
competition” is prescribed as the best way to go about promoting that interest,
complaints are voiced at the same time, and by the same sources, about the
fact that United Nations outfits promote "too much" price competition through
their tenders to supply LDC needs. See [US Department of Commerce
(1986:17-3)] and [(1988:18-3)]. See also [Neyret (1989:28)] 3.

For existent vaccines, LDCs have access at affordable prices only in those
cases where investments have been fully amortized and from a few "well
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disposed”, usually non-US, suppliers that welcome large orders-- channeled
by WHO and UNICEF--when their domestic market is relatively narrow and
they have the chance to reap substantial scale economies (ie., when the
market consists of 40 million people or more) [Robbins and Freeman (1989)).
(For further discussion on this, see sections llLiii., lll.v. and Chapter IV.).

[1.ii. Scientific, technological and engineetring
bottl | | "

"Life by its very nature is resistant to simplification, whether on the level of
single cells or ecological systems or human systems” [Dyson (1988: 95)]. The
trajectory of the new biotechnology fully backs this assertion: every discovery
seems only to unravel ever more complex leads. "No paradox, no progress”
runs Bohr's dictum.

Important dissenting voices argue against apparently established scientific
truths, as that holding that HIV-1 is the cause of AIDS, or the somatic mutation
thesis, according to which damage to DNA is the primary event in
carcinogenesis [Duesberg (1988:514)]; [Rubin (1980:999)].

Some basic questions about cancer (as well as about many other devastating
contemporary diseases) still remain unanswered, such as whether it is a
single disease or a complex of diseases; whether it is triggered by a common
switch or by a multiple one; and whether the answer lies in the genome, in
some still elusive pattern of oncogenes or in some higher level of organization
[Teitelman (1989:204); Angier (1988)].

The same is true about the whole family of so-called auto-immune disorders.
A properly working immune system distinguishes foreign matter from the
body's own tissue. Scientists do not know yet why this fails to occur in some
cases [Pollack (1990)].

Likewise, important gaps in knowledge are reported on protein structure and
function, protein engineering, the réle of natural chemical modifications of
proteins in protein stability and function, and development of novel delivery
systems for protein drugs 4.

Also, the basic science base in the plant sciences is regarded as seriously
deficient [USOTA (1988:16)] 5.

- Much premature excitement was created in the early days of biotechnology by
daring scientific theories and promises of magic bullets and amazingly quick
advances in immunotherapy that, when intended to be translated into
technologies, resulted in disappointment and the unfolding of unsuspected
complexities and contingencies [Teitelman (1989:9)]; Judson (1979):637].

The so-called "interferon crusade" story provides a good illustration
[Teitelman: ch. 3; Panem (1984)], later to be reproduced in connection with
interleukin-2 6.
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Clearly, this type of "hype” appears to be rather pervasive across scientific
disciplines. The most recent case is that of the apparently premature reporting
of the discovery of "cold fusion” by Martin Fleischmann and B. Stanley Pons.
However, no instances can be found of these kinds of excitement having led
to raising so much venture capital at such a steady rate over so long as in
biotechnology.

Despite its spectacular rhythm of progress, the scientific knowledge base is
still just not able to account satisfactorily for the complexities of molecular
interactions within the human body. Not long ago, scientists had it that the
body produced just one interferon molecule to fight infections. The number
has now gone up to 19. Scientists can make molecules; but they do not yet
understand well enough what to do with them [Bylinsky (1988):15)].

Genetically engineered products such as interferon, interleukin, growth
hormones and human insulin are destroyed in the stomach if unprotected. The
large molecules that form protein and peptidic drugs cannot be ingested orally
without having been previously degraded, so that the only delivery route left is
injection, which limits the market. The development of polymers and
liposomes is expected to aid in transporting the active ingredients to specific
sites where they can be effective. This will eventually lead to the fusion of
genetic engineering with synthetic chemistry, or even the "co-opting” of the
former by the latter, which happens to be the turf of pharmaceutical LECs (for
further details, see section lil.v.).

The US National Institutes of Health-NIH decided to begin accepting
proposals for the first genetic experiments on humans in 1985--on the grounds
that scientists had learned enough about altering genes. However, the first
authorized testing of modified human cells was to be performed by Genetic
Therapy Inc. only by end-1989 in cooperation with NIH scientists in an
experiment where interleukin-2 was to be used as a catalyser. Important gaps
in scientific understanding make progress in this area slow: since the basic
Cohen-Boyer process patent, already a decade has elapsed even before
authorized genetic tests on humans are to take place [Business Week (1989)];
[Nicolson (1989)]. Obviously, such gaps also affect the setting up of regulatory
standards, which does not leave much alternative to protracted lead times (on
this, see section llLiv.iii).

There are also cases of disappointment at the product level. For instance,
PEG-SOD, an enzyme that helps reduce tissue damage in transplant
operations, is proving less effective than anticipated [Hammonds (1989:72)].

Among traits which are poorly known in plant agriculture applications are
stress and disease resistance and symbiotic microbe interactions.
Understanding of gene expression is also insufficient 7.

The use of rDNA techniques to introduce disease resistance into plants has
been retarded by an inadequate comprehension of the mechanisms of
pathogenicity and resistance. [Brown et al. (1987:133)]. In the area of multiple
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gene transplants, the combination of scientific and technological obstacles
makes it unlikely that traits obtained by such transfers will be engineered
until well into the future 8.

Although great progress (greater than anticipated) has taken place in plant
genetics since 1982, important bottlenecks remain in areas such as: (i) genetic
transcription; (ii) translocation; (iii) gene production; (iv) gene promotors; (v)
tissue genetic regulation and development; and (vi) genetic induction.

Progress has also been made at a faster rate than expected in the use of
microorganisms other than E. Coli as vectors of genetic expression. A similar
case concerns new applications of in vitro gene amplification techniques.
However, genetically modified microorganisms pose more uncertainty than
their plant counterparts. It has yet to be proven that this uncertainty is
susceptible to scientific evaluation and control [Godown (1989:1096)].

The genetic engineering of farm animals is hampered by significant
technological difficulties that include the introducing of genes into ova, the
successful implant of these ova into surrogate mothers, the bringing to term of
resulting embryos, the demonstration that engineered traits are stable and
heritable and the regulation of a cloned gene’s expression in its host. These
bottlenecks, combined with the timeframe linked to the gestation period,
sexual maturation, and breeding cycles of large animals, mean that, all other
obstacles notwithstanding, the commercialization of transgenic cattle, sheep
and pigs is is not likely in the immediate future [Van Brunt (1988:1149-54)].

In the area of animal health care (hormones, vaccines, therapeuticals)
scientific and technological bottlenecks are not too unlike those encountered
in human health care. In the case of bGH, which can now be produced on an
industrial scale, such bottlenecks have obviously been overcome. There is,
however, room for improvement in the methods of administering the hormone,
which presently is injected into the animal.

DCs still lack satisfactory risk assessment of biotechnology products.
Inadequate risk assessment procedures hinder realization of field tests.
Biotechnology might provide diagnosis of animal diseases, but providing
cures is still far in the future [OECD (1988)).

In the case of mineral applications, as already pointed out in the previous
chapter, serious scientific and technical problems still remain. Methods to
cultivate bacteria on a solid feedstock (cultivation in suspension), raise yields,
get rid of undesirable by-products, and serious environmental hazards are
among them.

ILiii. Company strategy

Company strategy affects, and is in turn affected by, the complex set of forces
that shape the development of the industry. According to type of enterprise,
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the nature of uncertainties and constraints that impinge upon strategy may
vary considerably.

Thus, for instance, most DBEs active in the health care field proclaim their
intention to become fully integrated pharmaceutical companies. However,
except in the case of a firm like Genentech, these ambitions are a long shot.
DBEs have to cope with a very volatile environment regarding things such as
how their products will fare in the market, access to finance and strength of
their patent position. This makes their potential entry very tentative, even in
those (very frequent) cases were they get LECs' assistance for manufacturing
and/or distribution and/or marketing.

Let us examine an example. DBE Liposome Technologies developed a
modified agglutination test and then had Cooper Laboratories take care of
marketing through a joint-venture agreement. Liposome is using the joint-
venture to test the market for the new assays. Due to competition in the field
(from conventional assays and from the newer ones based on liposomes)
there is doubt about the success of any new product in the market. The main
point about these first products is to establish the potential of the technology in
order to make the companies more attractive to the investment community
[Bio/Technology (1983.a)]

In mutual partnerships both DBEs and LECs have valuable assets to offer.
The former provide their ability to leverage knowledge from universities; to
hire university faculty on part-time basis; and, to motivate contributions of
scientists-entrepreneurs through stock ownership and other economic
incentives. LECs contribute their R&D financing muscle; regulation-related
experience and resources; scaleup capacity; established marketing networks
and diversity of product lines that make it possible to reap economies of
scope. DBEs are increasingly relying on LECs to finance their research
activity and, often, the price of this support is relinquishing control of their
scientific and technological developments.

The existence in the US of an important already established market for
specialized intermediate inputs (including reagents, services and instruments)
where economies of scale are not critical, is another factor favouring the entry
of a large numbers of DBEs.

Chemical and drug LECs enjoy a certain discretionary ability to pursue given
routes of biotechnological development rather than others. Large
agrichemical and pharmaceutical suppliers are handling biotechnology with
great caution. Nonetheless, they are definitely entering it. Indeed, this involves
embarking upon an entirely new route with high risks and heavy tradeoffs in
respect to the chemical route. But, although LECs can affect decisively the
timing of introduction and pace of diffusion of biotechnologies, they cannot
suppress them, even assuming they wanted to, which is not necessarily the
case. Among other things, a good deal of their current patents are expiring so
that profit margins are inevitably going to suffer. Thus, although the intrinsic
potential superiority of the biotechnological route remains to be shown, LECs
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are definitely open to the prospect of using it to recreate their weakening
quasi-monopoly power.

The 1970s have witnessed the birth of industrial applications of
biotechnology. During the 1980s LECs have cautiously followed events,
becoming increasingly involved and thus getting ready to fully enter the field.
During the 1990s they are likely to impress their particular mark upon future
developments.

Although in both agrichemicals and conventional pharmaceuticals LECs
confront diminishing quasi-monopoly power, there is still a long way to go
before their products become unprofitable--leaving aside the fact that the
chemical route is still far from having exhausted its innovative potential. As
long as this remains so, LECs that have already taken steps to master the new
biotechnologies are not anxious to cut their profits by prematurely releasing
competitive products. Many of the new products may not work, or may not
work adequately, or may create new problems for which a response is not yet
available [Fowler (1988:72-93)]. The dificulty of replacing existing products is
illustrated by the debate around Hybritech in the diagnostics field
[Bio/Technology (1983.b); [Teitelman (1989)].

Nevertheless, major biotechnology-related industrial restructuring
developments are in the works. One example is the dramatic current merger
and takeover rush amounting to tens of billions of dollars and involving
virtually all the world pharmaceutical majors [Sercovich and Leopold
(forthcoming)]. The farm input industry provides another example. By the mid-
1970s there were in the US some 30 companies engaged in pesticide
development; now there are just a dozen, of which only one half may survive.
So far it is cheaper to adapt the plant to the chemical than vice versa. As
already mentioned, biotechnology is being used to extend the life cycle of
existing agrichemicals (in some cases, with substantial expected increases in
sales) [Ibid].

Another way in which company strategy is affecting the rate of diffusion of
biotechnologies is through pricing policies. For instance, new bio-
pharmaceuticals (as well as diagnostic kits) are coming to market at very high
relative prices. In an extremely uncertain environment, the companies
involved need to recover their R&D expenses as quickly as possible °. Once
they have eventually done so, and if competition so requires, they may be
able to price products at marginal costs and hence start a rather quick market
development when price and income elasticities of demand are better known.

Industry-specific characteristics affect the pattern of diffusion of biotechnology
applications. Two important variables in this respect are unit product value
and R&D thresholds and payback periods. Thus, company strategy towards
biotechnology, and with it, diffusion across industries, has to do with sector-
specific business strategies (like that geared to keep given market share and
profitability). Food companies, for instance, tend to focus on marketing
strategies in markets where they control a good share of the supply. This
contrasts with pharmaceutical companies, which are relatively more focused
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on new product development. This partly explains the higher involvement by
the latter in biotechnology [OECD (1988)].

During the current, incipient stage, the diffusion of biotechnology among user
industries is strongly dependent upon technical change in the enabling
technologies, which is driven largely by DBEs 10, This is, therefore, a
science-led stage.

At a later point, once such innovations become standarized and routinized,
user industries will themselves become increasingly involved in the
innovation process as affected by their own profitability. The industry will thus
enter its "market-driven” stage. This stage may begin towards the turn of the
century.

Whether firms decide to enter biotechnology R&D or not depends on several
factors, including their: (i) product mix (firms involved in antibiotics, beer,
cheese and amino acids are relatively more prone to get involved since they
are already familiarized with biotechnology); (ii) previous technological
trajectory and skills (acquaintance with traditional biotechnology is highly
correlated with involvement with the new); (iii) range of R&D capabilities;
and (iv) attitudes towards innovation. User industries (or countries) may
make better or worse use of their accumulated experience in order to take
advantage of headstarts in biotechnology.

Because of increasingly complex, time consuming and costly R&D, in-house
R&D is being discouraged, while collaboration to cut R&D costs, share
expertise and speed development of innovative products is being
encouraged 1. Beyond the current wave of consolidations referred to above,
this is translated into a dramatic development of strategic partnerships.

Demand for R&D funds is bringing about consolidation in industry in the form
of mergers and acquisitions, especially involving smaller specialty
manufacturers such as DBEs. Related to this, the focus of R&D efforts in the
pharmaceutical industry is expected to shift from infectious diseases to chronic
and degenerative diseases (that affect the most rapidly growing segment of
OECD population, ie., those over 60 years old), as well as from basic to
applied research.

It is interesting for illustrative purposes to take a look at an example of
companies’ acquisition strategies.

In the hepatitis B vaccine field alone, there are at least 14 players, in the
North American market. This has led to some bitter takeover battles among
them (in which cash-rich European concerns are key actors) 12,

One of these battles has recently taken place between the Swiss multinational
Ciba-Geigy (in a joint venture with US DBE Chiron) and French serum maker
Institute Mérieux (50.5% owned by Rhéne Poulenc) for the acquisition of
Connaught BioSciences, Canada’s only large, world class biotechnology
company active in the vaccine market. This example clearly illustrates the
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abrasive strategy pursued by the players in order to entice the takeover target,
other interested parties and the Canadian government to agree to the
acquisition at almost any cost, given the critical strategic importance of the
move in order to gain a privileged position in the North American market!3,

Connaught itself was certainly not an unwilling takeover target. In June 1989
its CEO told shareholders at the annual meeting that the company could not
reach the critical mass required to compete in the global vaccine market alone
and needed to merge with another vaccine company to survive.

But, then, the difficulties cropped up. To begin with, Investment Canada, the
agency in charge of assessing takeovers of Canadian companies by foreign
concerns, reached its first adverse net-benefit decision about a publicly traded
company in its 4 years history. At the same time, a local group headed by
scientist Robert Church attempted to generate a local alternative to a foreign
takeover. Finally, the University of Toronto claimed that the transfer of control
to a non-Canadian concern would violate the terms of a 1972 agreement
between the university and the Canadian government (the university, where
artificial insulin was originated, founded the company in 1917; it sold it in
1972 to the Federal government which, in turn, privatized it).

In addition, Mérieux faced regulatory hurdles in the US, where the Federal
Trade Commission feared Connaught's takeover would hurt domestic vaccine
makers. The foreign contenders managed to lift all these obstacles one by
one, and to proceed with a takeover which was "regretfully” approved by the
Canadian government.

To begin with, Mr. Church accepted to become a member of Ciba-Geigy’'s
advisory board in case the Swiss company succeeded. Then, both contenders
made research funding offers that induced the University of Toronto to reach
an out-of-court settlement. In addition, both companies pledged to increase
the transfer of technology, R&D, production and employment in Canada, thus
doing away with the initial negative net-benefit assessment made by
Investment Canada 4. Finally, Mérieux managed to persuade the US FTC to
lift its objections. All that remained was the competition on the actual amount
offered to Connaught as takeover bid. Connaught's shares were valued at
C$25 per unit (or a total of C$643 million) by Ciba-Geigy in mid-September.
The final value with which Mérieux won the bid was C$37 per share, or a total
value of C$943.5 million, that is, an increase of almost 50 per cent on the
original bid. These events took place at a hectic pace between September
and December 1989.

Many of the companies that are getting involved in biotechnology are not
"high-tech”. Therefore, they cannot be expected to make a rapid transition .
Thus for instance, average R&D intensity in chemicals is 4.1%, in food and
beverages 0.9 per cent and in fuels 0.8 per cent as against 7.8 in drugs
[Business Week (1989.f:139)].

User industry R&D intensity is a useful parameter to take into account when
tackling the question of diffusion. The building up of "savoir faire maison" is
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going to take long in most biotechnology user industries, while the basic
techniques are routinized and intermediate supplier networks developed.
Compared with these prospects in most potential user companies, a large
number of pharmaceutical firms are already spending between 25 and 40% of
their R&D budgets in biotechnology (both old and new) [USOTA (1988.b)]. This
percentage is much lower in agroindustry, although it is expected to grow at
least until the mid-1990s [OECD (1989)).

Company-financed R&D in universities is 4 to 5 times greater in biotechnology
than in other fields. Nearly half of biotechnology companies support
university-based research [USOTA (1988.b)]. But now something appears to
be changing: few companies are planning to invest large sums over long
periods for undirected research, as was done in the early 1980s by
Monsanto at Washington University (this strategy is now being taken over by
foreign companies like Shiseido, with its $85 million agreement with the
Harvard Medical School) [Weisman (1989)] 15. An increasing number of
cooperative arrangements represent consulting and contract research rather
than long-term partnerships. One of the effects of this is increasing levels of
secrecy in universities. Another is the emergence of shifts in the direction of
the university research agenda toward more applied and commercially
relevant projects [USOTA (I1988.b:6)]. In conjunction, these effects can be
expected to have an unfavourable impact on LDCs.

In the same way that LECs are putting money in universities, some
universities are investing in DBEs, that is, becoming venture capitalists. One
example is DBE Seragen, which works in the cancer field and which, although
it is still very far from the market, has already received $60 million from its
main shareholder, Boston University. The university is approaching its limit as
a financier, after having committed nearly one-third of its endowment to the
venture, thus getting involved in a "big gamble- high risk" situation (as in so
many other cases, product development has been slower and more costly
than anticipated). Currently, Boston University is in negotiations with potential
partners, including Sandoz Pharmaceuticals, to stop a cash-flow hemorrhage
of about $11 million per year [Business Week (1989.d:31) and (1990:32)].

The science-push biotechnology hype has been much closer to the realm of
scientific possibility than to that of engineering feasibility, being even further
removed from the realm of economic profitability. This hierarchy will have to
be turned upon its head before biotechnology becomes widely diffused and its
products massively marketed.

After the premium prices paid for DBEs like Hybritech (Elli Lilly) and Genetic
Systems (Bristol-Myers), LECs' strategies have become more subtle. They do
not have to engage in such outright commitments of resources anymore:
DBEs' access to financial resources has become very difficult after the crash
of 1987, tax advantages for R&D Limited Partnerships (RDLP) have been
withdrawn, and risks associated with biotechnology investment have gone up.
These events are forcing many DBEs to seek funding from LECs at a price that
is sometimes tantamount to the resignation of autonomy and hope for
vertical integration that inspired their initial moves. Strategic partnering
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